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(54) Tide: AERODYNAMICALLY SHAPED PROBE 




The present invention relates to an air data sensing probe (10) that has a cylindrical barrel (12) joined to a contoured strut 
section (16). The stmt has leading (26) and trailing (32) edges formed along curved paths, and supports the cylindrical barrel (12) 
at a position spaced from a mounting surface (20) and facing upstream of relative air movement. The strut (16) has a rounded 
leading edge (26), and is generally ogival-shaped in cross section. There is a blended, relatively quickly-changing transition sec- 
tion (24, 40A) to blend the trailing end of the cylindrical barrel (12) into the ogival-shaped strut section (16) so that the probe (10) 
has reduced weight of the strut (16) and reduced drag, and through reduction of the cross-sectional area and rounding the stmt 
leading edge (16), has enhanced anti-icing performance. 
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AERODYNAMICALLY SHAPED PROBE 

PACKGROUNP OF THE INVENTIQN 
The present invention relates to an air data sensing probe that is 
small in size to reduce weight while enhancing aerodynamic performance. 
5 Strut-mounted probes for air data sensors have been utilized for 

years. There have also been probes which include curved tubes that have a 
forward-facing port for sensing pitot pressure^ and curve laterally to the side and 
rearwardly to a mounting base or plate for mounting onto the side of a fuselage 
of an air vehicle* Such probes or air data sensing devices protrude from a 

10 surface of an air vehicle, and thus wiU undesirably increase drag when 
compared with a similar vehicle without such protrusion. Since strut-mounted 
probes are adjacent to the air vehicle surface, pressure disturbances caused by 
the strut and adjacent surface heed to be compensated in various ways. Strut- 
mounted probes also have to be heated for de-icing during use. The mass of the 

15 air data sensing device should also be minimized. 

Cylindrical barrel probes have been utilized for sensing pitot 
and/or static pressure. Pitot pressure is sensed through a forwardly facing port, 
while static pressure is semed through an opening generally perpendicular to the 
air flow. The strut on which the barrel is mounted generally has a streamlined 

20 cross-section in fore and aft direction. Suitable strut thickness has to be 
provided for de-icing heaters and also for carrying the pressure signal conduits 
or tubes. 

It also has been known in the prior art to provide front and rear 
edges of air data sensor struts that are shaped in compotmd curves to transition 
25 from a forwardly-facing port to a side-mounting base for the air data sensor. 

SVMMAFY OF THE rnvjENTHQN 
The present invention relates to an air data sensor probe which 
can be for sensing pitot and/or static pressure that utilizes a cylindrical, 
forward-facing barrel having an open end for sensing pitot pressure. The barrel 
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is supported by a strut that curves rearwardly from th barrel and also laterally 
to attach to a mounting base for mounting the air data sensor onto a supporting 
surface. The strut has diverging front and rear edges that curve toward the 
mounting base from the barrel. The strut is generally an ogival shape, with a 
5 relatively rounded front edge which aids in shedding ice, and thus reduces the 
amount of heat required during de-icing operation. 

The barrel mounts to the strut with a support section that blends 
rapidly from cylindrical to the ogival shape, using smooth surface contours to 
minimize drag. The air data srasing probe is small or compact and of low 
10 weight when compared to other sensors in use, as well as being low in drag. 
BRIEF DESCRIPTION OF THE DRAWINGS 
Figure 1 is a top plan view of a strut mounted air data sensor 
probe according to the prwent invention; 

Figure 2 is a front elevational view of the device of Figure 1; 
15 Figure 3 is a schematic Fq>resentation of a top plan view of the 

device of Figure 1; 

Figure 4 is a sectional view taken as on line 4—4 in Figure 3; 
Figure 5 is a sectional view taken as on line 5-5 in Figure 3; 
Figure 6 is a perspective view of the strut-mounted air data sensor 
20 probe made according to the present invention. 

DFTAnED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

As shown in Figure 1, an air data sensing probe indicated 
generally at 10 in Figure 1 includes a cylindrical barrel portion i2 that has an 
end opening 14 facing toward the direction of air flow. The cylindrical barrel 
25 12 is mounted onto a strut section 16, which in turn curves laterally and 
rearwardly from the trailing end of cylindrical barrel 12, and laterally from a 
central axis 18 of the cylindrical barrel 12 toward a surface or skin 20 of an air 
vehicle. The strut 16 has a mounting or plate base 22 that mounts to the air 
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vehicle in a conventional manner. Genially, the outer side of the plate 22 is 
flush with the skin 20 so that drag is minimized. 

As shown in Figure 2, the cylindrical leading end opening 14 is 
across the entire internal diameter of the barrel 12. The opening 14 forms a 
5 pitot pressure sensing port facing in upstream direction to the air flow and is 
connected to suitable tubing, not shown, within strut 16. The tubing has an end 
connector 13, which is joined to a suitable pressure sensor, not shown. The 
cylindrical barrel 12 is transitioned to a generally ogival cross-section shape of 
the strut 16 (as can be seen in Figures 4 and 5) in a short transition section 24 

10 that smoothly blends the cylindrical shape of barrel 12 to the ogival cross- 
section of strut 16 in a minimum distance and without having sharp or irregular 
edges. The cylindrical barrel 12 maintains a true cylindrical shape for a 
substantial length along its longitudinal axis 18, which length is substantially 
equal to the distance between the place of side surface 20 of the air vehicle and 

15 the barrel 12. The effect of the strut on air pressure in opening or port 14 is 
thus reduced to enhance reliability of the pressure signals. 

The strut 16 itself has compound curved front and rear (leading 
and trailing) edges. A rounded (not sharp) leading edge 26 extends substantially 
in a straight line adjacent the air vehicle at a forwardly inclined angle indcated 

20 at 28 relative to the air vehicle surface 20. The leading edge 26 then curves at 
section 30 to tangentially join the outer surface of the cylindrical barrel 12. The 
or trailing edge indicated at 32 extends at a gentie but different curve from 
the point where it joins the base 22 than the leading edge 26 forwardly and 
outwardly from the aircraft skin 20 and base 22. The edges 32 and 26 converge 

25 in direction toward the rear end of barrel 12, or, in other words, diverge in 
durection away from the barrel 12 back toward the base 22. A genUe, relatively 
large radius section 33 of the trailing edge 32 blends into the outer surface of 
the cylindrical barrel 12. 



wo 94/02858 



PCr/US93/06582 



As shown in Figure 2, the strut 16 also tapers in thickness along 
a central axis 35, which is shown generally in dotted lines at 34, so that the 
strut 16 is relatively thick or wide at its base portion 36 and reduces in size to 
a lateral dimension at 38 that is less than the diameter of the cylindrical barrel 

5 12, Smoothly varying compound curved surfaces 39 are used for joining the 
strut 16 and the cylindrical barrel 12. Referring to Figures 2, 3 and 6, the 
surfaces are smoothly tapered to avoid irregularities that will increase drag or 
cause substantial air turbulence. On the upper surface of the strut 16, which is 
indicated at 40, the transition section 24 has a blending surface 40A. The 

10 blending surface 40A smoothly enlarges in multiple directions ftom the surface 
40, and enlarges to become cylindrical at about the line 46. This blending 
surface also is designed to minimize drag while providing adequate support for 
the cylindrical forwardly*<iirected barrel 12. A bottom surface 42 has a similar 
enlarged surface blending to the cylindrical barrel section 12, as shown in 42A 

15 in Figure 6. 

The sensor probe 10 has heaters shown schematically at 49 
installed in the strut 16 and also may have heaters in the barrel 12 for de-icing. 
The heaters can be resistance heaters of conventional design. A suitable 
connector is shown at SO in Figure 1 for electrical connections to the heaters 

20 from the interior of the air v^cle. The leading edge 26 of the strut 16 
provides a rounded surface that taids to shed ice. The rounded leading edge 26 
also provides an area for insertion of a resistance heater along and close to the 
edge 26 to increase the temperature sufficiently to melt or remove the ice. 

The ogival cross-section strut 16 is thin throughout its length to 

25 reduce drag, and the quick transition section 24 from the cylindrical or circular 
cross-section barrel 12 to a thin ogival strut section 16 is a smooth contoured 
surface as well that tends to reduce weight, and decrease drag. The transition 
section 24 extends in direction of axis 18 preferably in the range of one 
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diameter of the barrel 12. The transition sections should be kept below two 
barrel diameters in axial direction. 

The chord Iragth to thickness ratio, that is, the lateral dimension 
of the ogival cross-section indicated at 26A in Figures 4 and 5 relative to the 

s chord measured from the leading to the trailing edges of the ogival strut and 
indicated at 26B, for example, provides a strut that reduces drag substantially, 
and also minimizes the weight while providing adequate strength. 

The ratio between the transverse dimension 26A and the chordal 
dimension 26B may change substantially throughout the length of the strut 16. 

10 In other words, although the strut 16 is thinner where the chord length is shorter 
whra measured normal to the central axis of the strut 16 the ratio changes. 
Although the transition surfaces 40A and 42A introduce a dislocation in the 
flow, the blading area 24 reduces this dislocation. The surfaces of strut 16 are 
convex on the exterior sides 40 and 42, as shown, and the walls of strut 16 are 

15 kept relatively thin. The reduced cioss-sectional area of the strut 16 also 
enhances the anti-icing performance. As previously stated, the effect of strut- 
induced pressure errors on the measured pitot pressure opoiing 14 are also 
reduced. The cylindrical section of the barrel 12 provides for a large size pitot 
opening 14 relative to the diameter of the tube used. 

20 Referring to Figure 3, a static pressure sensing port 60 can be 

provided on the cylindrical barrel 12 at a desired location both as to annular 
position arouau the barrel 12 and also longitudinal or axial position along the 
barrel 12. Usually, the axis of the static sensing port is to the outer side of the 
prc^ and there can be two ports, one facing upwardly at about 60'' from 

2s horizontal and the other downwardly also 60'' from horizontal. These axes are 
shown at 60A in Figure 2. In such case, suitable plumbing or tubing, not 
shown, is provided firam the port 60 for carrying the static pressure signals back 
through the strut 16 to die air vehicle. 
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The probe in one form, is very compact and light. Typically, for 
an example of proportions, the overall length of the base (A) as shown in Figure 
1 may be from 3.5 to 4.5 inches: the length from the trailing out of the base 
to the tip of the barrel, (B) is 6.25 to 7.5 inches (less than 7.5 inches is 
5 preferred); the offset, (C) is 2.25 to 2.5 (Less than 2.5 inches is preferred); and 
the barrel outside diameter is typically .44 inches, to about .5 inches. In Figure 
6, the barrel is shorter and the probe is about 6.5 inches in overall length. 

The same general proportions can be used in larger pitot-static 
tubes. For example, where the overall length, (B) may range up to 14 to 18 
10 inches with and the barrel length up to about 6 inches and the diameter about 
.75 to .9 inches. 

Although the present invraition has been described with reference 
to preferred embodiments, workers skilled in the art will recognize that changes 
may be made in form and detail without departing from the spirit and scope of 
15 the invmtion. 
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1. A pressure-sensing probe for mounting on an air vehicle 

comprising: 

a barrel having a genially cylindrical shape, a central axis 
centered on a diameter of the outer surface of the barrel, 
and a length along the central axis and a pressure sensing 
port; 

a mounting base; 

a strut extrading between said mounting base and the barrel 
comprising curved leading and trailing edges that 
converge in direction from the mounting base toward the 
barrel and have a generally ogival cross-sectional shape, 
the strut extending to a position adjacent an end of the 
barrel; and 

a transition surface section interposed betwera the stmt and the 
barrel that is smoothly contoured to blaid from the ogival 
cross-sectional sh^ of the strut to the cylindrical shape 
of the barrel. 

2. The pressure srasing probe of claim 1 wherein the transition 
surface section has an axial dimrasion in direction along the central axis of the 
barrel that is not substantially greater than the diameter of the outer surface of 
the barrel. 

3. The pressure sensing probe specified in claim 1 wherein Uie 
leading edge of the strut is rounded in cross-section when compared to the 
trailing edge of the strut, which forms a diarp edge in cross-section. 

4* The pressure sensing probe as specified in claim 1 wherein the 

barrel has a pitot pressure sensing opening at a leading end of the barrel and 
facing upstream relative to an air flow, the opraing having a diameter 
substantially equal to an inner diameter of die barrel. 
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5. The pressure sensing probe of claim 1 wherein the pressure 
sensing port comprises an opening in a leading end of the barrel relative to 
movement of fluid past the barrel. 

6. The pressure sensing probe of claim 5 and a separate static 
pressure sensing port on the barrel spaced from the leading end. 

7. The pressure sensing probe of claim 5 wherein the barrel 
comprises a tube having an interior bore extending along the central axis and the 
bore opening to the leading end to form the pressure sensing port. 

8. The pressure sensing probe of claim 1 wherein the barrel 
comprises a straight tube having a substantially uniform outer surface diameter 
throughout its length and having a substantially uniform diameter bore extending 
from a leading end of the barrel to position adjacent to the strut, the leading end 
of the bore forming the pressure smsing port. 

9. The pressure sensing probe of claim 1 and heater means on the 
probe for eliminating ice accumulation. 

10. The pressure sensing probe of claim 1 wherein the transition 
section has an axial length of less than 2 times the diameter of the barrel. 
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